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The thermophilic lifestyle of the last common ancestor of extant life on Earth [1]
suggests that the subaerial parts of hydrothermal deposits could be excellent targets for future
exopaleontological exploration on the surface of Mars [2].  The juxtaposition of the source areas of
stream valley channels with volcanoes and impact craters on Mars implies that subsurface heating
of groundwater must have created thermal springs in the past [3].  Modern thermal spring
ecosystems on Earth concentrate a wide diversity of thermophilic organisms into small areas [4].
Because they are very active mineralizing environments, hydrothermal systems also have an
enhanced potential to preserve evidence of biogenicity as chemofossils, microfossils, or
stromatolites.

Subterranean components of thermal spring systems have been recognized as potentially
hospitable environments for extant life on Mars [5][6][7].  We propose that subterranean
hydrothermal deposits should also be targeted for evidence of former life on Mars [8][9].  The
lateral extent of subaerial thermal spring ecosystems on Earth is dwarfed in comparison to
potentially habitable subterranean environments.  By evaluating the biogenicity of epithermal
deposits, we can optimize our attempts to identify the potential for hydrothermal ecosystems to
serve as paleobiological repositories.  Recent investigations [10][11] have shown that even in the
absence of visible microbial mats, hyperthermophilic biofilms contribute to the microstructural and
morphological development of high-temperature siliceous sinter deposits previously considered to
be abiogenic.  Although submicron-scale features indicative of biogenicity are often masked by the
recrystallization of primary metastable opaline silica, these features propagate to form larger scale
stromatolitic structures recognizable in the rock record.  These findings have motivated us to look
for evidence of biogenicity in epithermal systems.  Additionally, we have found that various types
of substrates deployed at vent openings in the bottoms of active silica-depositing thermal springs
became colonized within days by hyperthermophilic organisms that live near the upper
temperature limit of life (Figures 1-4).  The filamentous hyperthermophiles stabilize themselves by
attaching to the substrate surfaces and form biofilms that can be several cell diameters thick.  We
propose that the high fluid flow rates in the main fracture systems of epithermal deposits will focus
biofilm development at particular locations along the walls of hydrothermal conduits.  We have
found that those deployed substrates characterized by flat surfaces have relatively even
distributions of biofilms, whereas mineral substrates with stepped surfaces have discontinuous
biofilm formation.  Our findings suggest that biofilms will develop along fracture walls where the
rate of exchange of solutes between the biofilms and the flowing water is optimized.

Given the potential for life to exist at temperatures in excess of 113°C [12], it is apparent
that we must re-evaluate the contribution of hyperthermophilic organisms to epithermal
components of hydrothermal mineral deposits.  Our recent efforts [10][11][13] emphasize the
importance in understanding the submicron-scale processes and organosedimentary interactions by
which biogenically influenced sediment microstructures and morphologies were formed.  While the
recrystallization of primary mineral assemblages challenges our ability to recognize the biogenicity
of ancient siliceous hydrothermal deposits on Earth, the recent report of nanometer-scale
microfossil-like objects in the Allan Hills Martian meteorite [14] indicates that recrystallization
might not frustrate our attempts to identify the biogenicity of hydrothermal deposits formed under
similar conditions on Mars.  If we can recognize in the rock record and interpret confidently the
macroscale features and microstructures of ancient epithermal deposits formed in the presence of
biofilms, we will have taken great strides in our ability to unravel the early fossil record of
hyperthermophilic life on Earth and, potentially, on Mars.
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MARS EXOPALEONTOLOGICAL EXPLORATION: S. L. Cady et al.

Various substrates deployed around vent openings in near-boiling silica-depositing thermal springs 
located in Yellowstone National Park.

Fig. 1 (plate 12)  Fiber of coupon colonized by filamentous hyperthermophilic organisms < 0.5 
microns in diameter and several microns long.

Fig. 2 (plate 18)  Filaments lie parallel to the top surface of a clay substrate, shorter filaments lie 
perpendicular to edge of stepped surface of substrate.

Fig. 3 (plate 38)  Porcelain fragment colonized by evenly dispersed hyperthermophilic biofilm that
contains filaments like the ones shown in Fig. 1.

Fig. 4 (plate 29)  Stepped faces on galena crystal colonized by discontinuous biofilms that contain 
long filaments, rod-shaped microbes and silicified microfossils.
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